Objective-To investigate the role of glucose tolerance in the development of hypertension.
of the men were considered at high risk of cardiovascular disease. Of these, 612 received an intervention and were excluded from the study. A total of 593 men were without risk factors. The study com- prised all ofthe men who did not have an intervention (n= 1203). In 1979, 1120 men were re-examined, and in 1986 945 men attended follow up. There were two groups for analysis: one comprising all subjects and the other comprising only men who were normotensive in 1968 and for whom complete information was available.
Interventions-By 1979, 103 men were taking antihypertensive drugs, and by 1986, 131 were taking antihypertensive drugs and 12 were taking drugs for hyperglycaemia.
Main outcome measures-Blood glucose concentration one hour after a glucose load, blood pressure, and body weight were measured in 1968, 1974, and 1979. In 1986 blood pressure and body weight were recorded.
Results-Men who were hypertensive in 1986 had significantly higher blood pressures (p<0-0001) and (after adjustment for body mass index and alcohol intake) significantly higher blood glucose concentrations one hour after a glucose load at ali examinations than those who were normotensive in 1986. Regression analysis showed that the higher the blood glucose concentration after a glucose load in 1968 the higher the blood pressure during the foliowing years. Those men between the second and third tertiles of blood glucose concentration in 1968 had a significantly higher risk of developing hypertension (odds ratio 1-71, 95% confidence interval 1-05 to
Introduction
In the 1970s several cross sectional studies reported a close association between blood glucose concentrations after glucose challenge and blood pressure. 13 A recent study using population based data and oral glucose tolerance tests standardised according to the current recommendations of the World Health Organisation has confirmed this finding. 4 To our knowledge, however, there have not been any follow up studies on this topic, and it is unlikely that cross sectional analysis could disentangle the complex interactions of blood glucose, blood pressure, and body mass index.
We assessed the independent role of blood glucose concentration after a glucose challenge as a predictor of development of hypertension and investigated temporal relations between glucose tolerance and the development of hypertension during follow up of 18 years.
Subjects and methods
The study population comprised 3490 male business executives born during 1919-34 who had participated in a general health check up sponsored by their employers in the late 1960s (the median year was 1968). In 1974 these men were invited to take part in a multifactorial primary prevention trial for cardiovascular disease. By then 70 men had died and 1605 were either unwilling to participate or were excluded because of illness. Subjects with a fasting blood glucose concentration >10mmol/l, a systolic blood pressure >200mmHg, or a diastolic blood pressure 115 mm Hg were excluded. Clinical examination showed that 1815 volunteers were healthy and were not taking drugs regularly. In all, 1222 of them had at least one of the following risk factors: serum total cholesterol concentration >7 0mmol/l, serum triglyceride concentration >1 7 mmol/l, systolic blood pressure > 160 mm Hg, diastolic blood pressure >95 mmHg, smoked more than 10 cigarettes a day, relative body weight (weight (kg) x 100/height (cm)-105) > 120%, glucose tolerance one hour after glucose load (1 g/kg of body weight of glucose orally) >9 0 mmol/l. Two measurements ofall of the risk factors were required, except for the oral glucose tolerance test, which was performed only once. These men were considered to be at high risk of cardiovascular disease and were randomly grouped according to whether they had an intervention (n=612) or not (n=610). The rest of the volunteers (n= 593) were without risk factors and considered to be at low risk of cardiovascular disease.
Our study comprised those subjects who did not have an intervention. Those who did were not studied because intervention measures included drugs affecting both blood pressure and blood glucose concentration. Details of the intervention procedures have been published previously.5 6 If a subject included in the present study had a diastolic blood pressure >110mmHg he was advised to contact his own doctor. No other treatment or advice was given.
In 1979 the five year multifactorial primary prevention trial was completed and the subjects were reexamined. Eight men had died and 75 had dropped out; thus 1120 (93%) of the 1203 subjects could be reexamined. At (1-72) v 6-00 (1-68) mmol/l, p=0 02 in all subjects, and (1-69) v BMJ VOLUME 302
(1 64) mmol/l, p=004 in subjects who were normotensive in 1968 and for whom complete information was available), indicating that glucose tolerance was impaired before the onset of hypertension in those who developed hypertension.
By prospective stepwise regression analyses for 1968 values glucose concentration after one hour was an independent predictor of future blood pressure (table  III) . Accordingly, the higher this value in 1968, the higher the blood pressure, especially systolic pressure, during the following years. The regression coefficients for both systolic and diastolic blood pressure remained significant in 1974 and 1986 after adjustment for age, annual body mass index and alcohol intake, and initial blood pressure. The percentage variation of blood pressure, however, accounted for by one measurement of blood glucose concentration one hour after a glucose load was only modest: by univariate analyses about 3% for systolic blood pressure and even less for diastolic blood pressure. When the mean of blood glucose concentrations after one hour in 1968 and 1974 was used instead of one measurement as a predictor of subsequent blood pressure the coefficients became stronger and the percentage variation by univariate analyses rose to 5 7% in 1986 for systolic blood pressure and 3 0% for diastolic blood pressure (table  III) . Exclusion of subjects taking antihypertensive drugs in 1986 did not change the coefficients substantially.
After allowing for age, body mass index, alcohol intake, and initial blood pressure by using logistic regression analysis the men between the second and third tertiles of the glucose tolerance after one hour test result in 1968 had a 1-71 times (95% confidence interval 1-05 to 2 77) higher risk ofhaving hypertension at follow up than those below the first tertile (table IV) . Between the first and second tertiles the risk of future hypertension was smaller than that between the second and third tertiles but still 1-36 times (0-84 to 2-22) higher than below the first tertile.
Discussion
Metabolic studies have suggested that hypertension is associated with, and possibly even caused by, insulin resistance. 1012 There has, however, been some disagreement about the role of insulin resistance in the initiation of hypertension'3 and in the hypertension of people who are not diabetic. 14 In the present study the glucose tolerance test results were higher throughout the whole observation period ** p<O0Ol; *** p<O-OOl. t Sequential model with forced entry of blood glucose concentration one hour after a glucose load at the first step, age together with annual body mass index and alcohol intake as a set of variables added at the second step, and the initial (1%8) blood pressure (either systolic or diastolic) at the third step. Most of the regression coefficients for predicting the future blood pressures from blood glucose concentrations one hour after a glucose load were significant, but the percentage variation of blood pressure explained by the blood glucose concentrations was modest. On the other hand, the odds ratios for hypertension during the 18 year follow up were quite strong: there was a 71% and 36% higher risk of hypertension between the second and third and first and second tertiles of the blood glucose after one hour as compared with that below the first tertile. It would be important to find out whether these risk estimates are repeatable by using the values ofglucose tolerance two hours after a glucose load standardised according to the current recommendations5 or whether the value after one hour is a better predictor.
There are several reasons why our analyses tend to underestimate the true association. Firstly, there is a high variability of glucose measurements after the glucose challenge, which leads to the "regression dilution" bias. 1717 The importance of this was shown by the considerable improvement of coefficients and r' values, when the mean of two measurements was used as a predictor instead of one measurement. Secondly, the factors used in these analyses are intercorrelated. The highest correlation coefficient (a Pearson coefficient of 0 41) was between the systolic blood pressure in 1968 and the systolic blood pressure in 1986. Thus adjustment for the initial blood pressure gives conservative estimates. Thirdly, the nature ofthe mortality and those who dropped out was selective. Most probably men who were hypertensive and glucose intolerant were overrepresented in these groups, which leads to underestimating the association during follow up.
A problem in our study was that the 18 year follow up time was based on the health check up in 1968, which was not originally planned to be a part of a scientific study. The check ups were, however, performed in the same institute (the Institute of Occupational Health) by using standardised methodology, which has been documented.'8 The subjects were a homogenous group of business executives representing the highest social class. They were highly BMJ VOLUME 302 co-operative in all phases of the study. The missing information at the initial stage occurred randomly and it is not likely to cause bias. Hence the problems related to the initial examination do not invalidate our findings.
In a cross sectional analysis the plasma glucose concentration one hour after a glucose load was, independently of body weight, associated with blood pressure, even in schoolchildren aged 9-12.3 In our follow up study the glucose concentration after one hour was a strong predictor of future hypertension in adults. Thus a latent abnormality ofglucose metabolism and blood pressure may last for decades without clinical manifestation. It is often combined with dyslipidemia920 and may play an important part in the development of atherosclerosis and coronary heart disease.
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